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Abstract 
 
The birth of the Internet made the unthinkable possible. In the 21st century, ecommerce has become 
increasingly popular and has changed our shopping behavior. With the expansion of ecommerce, business is no 
longer constrained to one particular country. Companies that wish to reach foreign customers can use the Internet for 
this purpose, and customers in another country can simply go online and learn about the company’s product from 
their home. The Internet has connected international customers to companies more than ever before and allows 
companies to bypass the traditional foreign distributor model of order fulfillment. Companies can easily mail orders 
to their international customers via international parcel services. However, international parcel services often cost 
more than the value of the goods. For companies to remain profitable in the international market, a new order 
fulfillment model that reduces the international order fulfillment cost must be developed. 
By applying the freight consolidation concept and ecommerce business model, small companies can 
explore foreign markets with ease and avoid signing a contract with foreign distributors. Small companies can use 
the Internet to take orders from their foreign customers and rent a warehouse near the foreign market to fulfill 
orders. The items will be pre-shipped to the foreign warehouse via containers to reduce the overall order fulfillment 
cost.  
The monthly sales data (November, 2015) of Costco’s Tmall flagship store are used to assess the feasibility 
of the proposed model. According to the model simulation results, the proposed model can reduce at least 52% of 
the international order fulfillment cost.  
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Chapter 1: Background 
 
Ecommerce is defined as the buying or selling of goods and services over the Internet. According to 
research, over 66% of adults shop over the Internet (Horrigan, 2008). The Internet has changed our life over the past 
2 decades. Specifically, it has changed the way we communicate with each other, obtain information, entertain 
ourselves, and, most importantly, purchase goods and services.  
Since the development of third-party services for processing online credit card sales, people have 
recognized the convenience of online shopping: they do not need to drive twenty minutes and search an entire 
shopping mall to find a particular item; rather, they can utilize the Internet and find the desired item in less than two 
minutes. Traditional shopping pales in comparison to online shopping because of the speed of online transactions. 
Customers need to only have their credit card information and click a few buttons on the store’s web page to 
immediately place an order. Another great convenience of online shopping is that it allows customers to access the 
global marketplace. Thus, if domestic goods do not satisfy the customer’s expectation, the customer has a greater 
range of choice in the global market. In the global online marketplace, foreign companies do not need to have agents 
or distributors in the domestic market. Similar to domestic online merchants, international merchants can use 
logistics services to deliver their goods to their customers.  
Since the global market opened up to customers, global online retail sales have been growing at a relatively 
steady rate,17%, every year (Nilforoushan, Ben-Shabat, & Moriarty, 2013). According to Figure 1 below, 
ecommerce sales amounted to 521 billion in 2012, representing a compound annual growth rate of over 17% from 
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Figure 1. Global online retail sales (Nilforoushan, Ben-Shabat, & Moriarty, 2013) 
This growth trend encourages companies to engage in international business online. Once an order is 
placed online, the company must hire an international logistics provider to deliver the goods to the end customer. 
Luckily, many international logistics company exist today. However, the logistics service that international logistics 
companies provide is expensive for individual parcels. There is often a trade-off between delivery speed and 
shipping cost. Generally, online retailers’ shipping methods can be classified into 2 categories: high price but fast 
delivery and low price but slow delivery. Because customers want the ordered item to be delivered as soon as 
possible after they place the order, international merchants choose to satisfy the customers and use a fast shipping 
method, typically express air service, for their international orders. However, the disadvantage of the fast delivery is 
the significant shipping cost. The average parcel delivery cost is approximately $50 to $150, depending on the 
weight and dimension of the parcel. Often, the shipping cost is higher than the cost of the item. The high shipping 
cost drives up the price of the item, hindering sales.  
From the international company standpoint, in the ideal situation, customers can obtain their products as 
soon as possible at a low cost. When customers need to choose between receiving the product quickly at a high cost 
or slowly at a low cost, the company will lose its customer base. Because customers equally value delivery time and 
the quality of the product, international companies should ideally consider a new method of delivering goods. 
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Chapter 2: International Consolidation Order Fulfillment Model 
 
The traditional international order fulfillment process uses the most expensive method of transportation: 
parcel services. Indeed, parcel services must be utilized to deliver the order to end customers in the “last mile”, but 
the traditional international order fulfillment method uses such services for the full travel distance. An examination 
of the traditional order fulfillment model raises the following questions: is it necessary to use parcel services for the 
full travel distance? Is it possible to utilize a less costly transportation method for the majority of the travel distance? 
The order fulfillment model presented in this research is designed to incorporate the consolidation method and 
intermodal transportation concept into an international order fulfillment model to reduce the overall international 
order fulfillment cost.  
 
The following four transportation methods can be applied to consolidate parcels: air, rail, ocean, and truck. 
However, only two modes of transportation are available for international parcel delivery: air and ocean. Shipping 
through air will result in a great cost but short delivery time, and shipping through ocean will result in a lower cost 
but slower delivery time. To minimize the shipping cost, the company should consolidate the parcel by using ocean 
freight for as much travel distance as possible. In order fulfillment, two main factors influence delivery speed: the 
transportation method and the location of the item. To minimize international delivery time, companies can place 
their goods in a location that is near the order’s final destination. Based on this logic, this research proposes a new 
order fulfillment model. In this model, the company will consolidate the goods in containers, ship them to a 
warehouse near the foreign customers’ location, and complete the order fulfillment from the warehouse.  
 
For example, assume that a U.S.-based company has received orders from Europe. Using the traditional 
logistics method, the company will transfer the orders from its distribution center to an international parcel service 
provider, such as FedEx, UPS, or DHL. The international parcel service provider then gathers the parcels in its 
distribution center and, ultimately, transports the parcels in bulk to the destination country. In the destination 
country, the parcels are then sorted and routed to the end customers. Please refer to figure 2 for a visual 
demonstration of the traditional order fulfillment model. When the company implements the proposed order 
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fulfillment model, it will first consolidate and ship the inventory to a foreign warehouse located near the destination 
country. When customers place orders, the company will ship the customer orders via international parcel from its 
foreign warehouse where the inventory is held. In the proposed model, the order will travel a minimum distance 
through international parcel, with the majority of the travel distance occurring through ocean freight or air freight. 
Thus, the proposed order fulfillment model is able to minimize the total order fulfillment cost. Please refer to figure 






Figure 2. Traditional order-fulfillment model demonstration 
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Figure 3. Proposed order-fulfillment model demonstration  
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Chapter 3: Simulation & Result 
 
In 2014, Costco launched its online shopping store on Tmall.hk to target Chinese consumers. Without 
opening a physical store in mainland China, Costco is able to sell products to Chinese consumers via a web-based 
operation. The company gathers the goods, which are produced around the world, and ships them to a warehouse 
located in Taiwan. Then, the company ships the orders to its end customers via an individual parcel service. Because 
this method is similar to the proposed method, the present study uses Costco’s online store data to simulate the 
effect of the proposed model. At the time of the study, the November sales data of Costco’s Tmall flagship store 
(October 15th – November 15th, 2015) (“COSTCO Flagship Store – Tmall International”, 2015) was available for the 
simulation. The raw sales data can be found in Appendix. The goods that are imported from countries other than the 
U.S. are excluded to ensure that the data fit the model setting. In addition, in the sales data, some of the goods have 
an extremely high item per customer ratio. Item per customer ratio represents the quantity of the goods a customer 
ordered during a specific time period. It is calculated by dividing the number of items sold by the number of 
customers of the particular kind of goods. The simulation assumes that a typical person is not likely to order more 
than 6 of the same item in one month. Entities that order more than 6 of the same good are typically organizations or 
group buyers, and such customers are not considered average consumers. Thus, as shown below, the simulation uses 
only the non-highlighted, lower 65 categories of goods, which have an item per customer ratio of 6 or less. The 
average item per customer ratio is 2.14. Thus, Costco’s data can represent a U.S.-based company’s sales for one 
month. 
The simulation hypothesizes that the Costco U.S. product’s November sales data represent a Los Angeles-
based company’s average monthly sales and that the company needs to fulfill its Chinese customers’ orders. Each 
customer order is shipped in a box measuring one cubic foot, and each box weighs ten lbs. Because the average item 
per customer ratio in the Costco data is 2.14, the research further assumes that every customer order includes, on 
average, 2.14 items. Based on the abovementioned assumptions, the Los Angeles-based company will need to ship 
15,077 parcels measuring 1 cubic foot and weighing 10 pounds to its Chinese customers. The company can fulfill 
the order through two methods: international parcel services or the proposed model. This simulation will calculate 
and compare the total cost of the two fulfillment methods.  
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When using an international parcel service, the company pays only the local warehousing fee and the parcel 
shipping cost to ship the parcel from its local warehouse to end customers (figure 4). However, if the company 
chooses to fulfill the order though the proposed model, the cost categories will increase, and the company must have 
access to a foreign warehouse. Instead of shipping individual parcels from the local warehouse to end customers, the 
company will ship the parcels to a foreign warehouse using consolidation methods. In this case, the research further 
hypothesizes that the company rented a warehouse in Taipei, Taiwan (figure 5). The costs associated with 
consolidation methods can be mainly divided into two categories: total transportation cost, which includes freight 
cost and parcel shipping cost from the foreign warehouse to the end customer, and warehouse and handling cost, 
which includes the rental cost of the two warehouses, inventory carrying cost, and handling cost.  
   
Figure 4. Order-fulfillment through international parcel1 
																																																																		
	
1Background map provided by Wikimedia Commons 
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Figure 5. Order-fulfillment through the international consolidation order-fulfillment model2 
For all shipping methods, the following transportation and warehousing assumptions are made for the 
simulation (refer to figure 6 for visualized assumptions): 
- Shipping via international parcel service 
1. The hypothesized company ships the orders to China through first-class international mail, which is the 
most economical international shipping method, with a cost of $88.95 to ship to major cities in 
mainland China (“Postage Price Calculator”, n.d.) 
- Consolidate by air 
1. A 8ft	×	10.41ft ×	3.74ft air pallet is used to consolidate the orders; the size of the pallet is equivalent 
to the 737-300sf regular air pallet (“Aircargopedia - AEI B737-300SF (9 Pallet) Freighter 
Conversion” ,2011) 
2. Air cargo space discount due to irregular shape: 20% 
3. The freight charge per pallet is $1,117.27 (“United cargo - get price quote”, n.d.) 
																																																																		
	
2 Background map provided by Wikimedia Commons 
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4. Service providers charge $1,116.74 for fuel and $167.51 for freight processing (“United cargo - get 
price quote”, n.d.) 
- Consolidate by ocean 
1. Orders are shipped in 40 feet dry containers with a capacity of 2.377 cubic feet (“Freightgate - 
container dimensions / weight”, n.d.) 
2. Service providers charge $1.458.03 to forward each container (“Welcome to WFR, the destination for 
free, worldwide, instant market rates for rail, truck or ocean freight”, n.d.) 
- Warehousing 
1. Goods are packaged in 3.5ft × 4ft × 4ft warehouse pallets 
2. Good are stacked in 2 levels  
3. The rental fee is $0.57 per square foot per month for the local warehouse (Orange county, CA) and 
$0.74 per square foot per month for the Taiwan warehouse (“Global Property Prices & Trends 2011”, 
n.d., p.2&9 ) 
4. The parcel handling fee for each order is $4.25, and inventory carrying cost is equivalent to 20% of the 
total order value (if applicable) 
5. Every pallet will require 18.5 square feet of space to accommodate warehouse operations (“Calculators 
& tools: Achieve storage efficiency”, n.d.) 
 
Figure 6. Visualization of the assumptions  
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Fulfillment via international parcel shipping 
 According to the assumptions, shipping via international parcel service costs the hypothesized company 
$88.95 for shipping and $4.25 for parcel handling cost. The total cost of using international parcel shipping to fulfill 
customer orders is shown below in figure 7. 
 
Figure 7. Cost of using international parcel service 
 
Fulfillment via ocean freight consolidation and parcel shipping 
For consolidation via ocean freight, the company must have access to a foreign warehouse, where the order 
will be shipped via parcel services to end customers. In this case, the hypothesized company must have access to a 
warehouse located in Taiwan. The capacity limit of the 40ft dry container is 2,377 cubic feet, and the volume of 
each order is 1 cubic foot. Thus, 7 containers are needed to transport 15,077 orders to the foreign warehouse. 
According to a freight quote obtained in December 2015 [!], the average cost of transporting a 40ft dry container 
from the U.S. (Long Beach port) to Taiwan (Taichung) is $1,458.03 (“Welcome to WFR, the destination for free, 
worldwide, instant market rates for rail, truck or ocean freight”, n.d.). In addition, the cost of delivering a single 
order from Taiwan to any location in mainland China is $24.92 (“SF express shipping cost calculator”, n.d.). After 
all warehouse-associated costs are summed, the resulting cost of the ocean consolidation method is shown below in 
figure 8.  
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Figure 8. Cost of fulfillment via ocean freight consolidation and parcel shipping 
 
Fulfillment via air freight consolidation and parcel shipping 
 Consolidation via air freight will result in a faster transportation time. However, the cost of transporting the 
goods in bulk will be higher. Because air pallets are much smaller than a 40ft ocean container and have an irregular 
shape (20% space discount), 61 737-300sf standard air pallets are needed to transport 15,077 customer orders to the 
company’s warehouse in Taiwan. According to United Cargo Service, a shipment of 61 pallets costs $69,717.04. 
With the same parcel delivery cost3 to ship from Taiwan to the company’s final customer and the same warehouse-
associated costs as the previous simulation, which uses ocean freight, the final total cost of this simulation using air 
freight is $675,933.37. Please refer to figure 9 for more details. 
																																																																		
	
3  The parcel delivery cost is the same as that in the previous simulation, $24.92 (“SF express shipping cost 
calculator”, n.d.) 
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Figure 9. Cost of fulfillment via air freight consolidation and parcel shipping 
 
Cost comparison 
 As the above results show, applying some degree of consolidation will dramatically decrease the total cost 
of order fulfillment. In figure 10, the total cost of each order fulfillment model is broken down by category on a per 
parcel basis. As the figure shows, consolidating the goods via air freight and ocean freight will save 52% and 56% 
of the total order fulfillment cost, respectively. As the number of orders that the company receives increases, the 
percentage of savings increases. The trend chart presented below (figure 11) shows that the cost comparison of 
fulfilling 1,000 orders and fulfilling 100,000 orders. This figure clearly demonstrates that consolidation will reduce 
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Figure 10. Cost breakdown by category on an individual parcel basis 
 
 
Figure 11. Cost comparison as volume increases 
A company does not need to have a large international customer base to use this model and result in cost 
savings. As shown in figure 12, the average order fulfillment cost per parcel of the international consolidation order-
fulfillment model gradually decreases as the number of customer orders increases. According to the simulation data, 
the economies of scale effect reaches its maximum when the order quantity is above 200. However, the cost-saving 
begins to appear when the number of parcel reaches around 60. This result may not qualify to represent real-world 
circumstances but demonstrates that this model does not require a company to have a substantial amount of parcels 
to result in an economic-of-scale effect. When determining whether to apply the proposed order fulfillment model, 
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companies must do an analysis to see whether their customer base is large enough for implementing the 
consolidation model, but the simulation result suggests that most of the time the model will result in a cost-saving. 
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Chapter 4: Discussion 
 
 Chapter 3 demonstrated the proposed model’s effect on the total order fulfillment cost. This chapter will 
focus on another important factor in order fulfillment: delivery lead time.  
 In the traditional order fulfillment model, the correlation between shipping cost and parcel delivery time is 
always positive. As the delivery time becomes faster, the shipping cost becomes more expensive. However, 
depending on the company logistics strategy, the parcel delivery time can be reduced when the company uses the 
proposed model to fulfill customer orders. However, if a company chooses to consolidate by ocean, the proposed 
model may result in a longer total transit time, which starts at the time the goods leave the local warehouse and ends 
at end customer, but a reduced parcel delivery time. Essentially, the model changed customers’ perception of the 
order fulfillment model (figure 13). In the customers’ mind, the order fulfillment process starts at the company’s 
foreign warehouse rather than the company’s local warehouse. The frame of the order fulfillment is much smaller, 
and customers do not consider the consolidation process as part of the order fulfillment process. In the simulation, 
for example, if the Los Angeles-based company fulfills customers’ orders through international parcel, delivery will 
take 3-5 days (not guaranteed)4. However, if the company ships the order to its Taiwan-based warehouse before the 
customer order is placed and then delivers the order to the end customer via parcel5, the end customer in mainland 
China will receive the imported product in only three days. The end customers in mainland China do not see the 
background logistics transportation and consolidation process, which may take 1 – 17 days depending on the 
methods used.  
 When deciding to implement the proposed order fulfillment model, companies must make one choice: 
consolidate via ocean freight or consolidate via air freight. As mentioned in chapter 3, consolidating via ocean 
freight is more economical than consolidating via air freight. In the simulation, consolidating via air freight costs 
$3.94 more than consolidating via ocean freight (figure 14). However, consolidating via air freight results in less 
time to transport the goods to warehouses. In the simulation, ocean freight takes, on average, 17 days to transport the 
																																																																		
	
4 USPS claims that the parcel will arrive in major cities in 3-5 days. 
5 The shipping time estimate is provided by SF express.	
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goods from Los Angeles to Taiwan, but air freight only takes 1 day to transport the same amount of goods to Taiwan. 
The 16-day difference will provide companies less logistics lead time. With shorter logistics lead time, companies 












Figure 13. Mechanism of two order-fulfillment models 
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Chapter 5: Implication 
 
 The sole purpose of the above simulation is to demonstrate that the proposed order fulfillment model can 
reduce the total order fulfillment cost if the number of orders is sizable. However, the simulation did not take some 
factors into consideration. The model results may vary if different packing methods, freight rates, warehouse 
settings, and warehouse rental costs are considered. Furthermore, potential discount rates are not included in the 
calculation. Companies can receive discounts from logistics providers when they make regular and large shipments. 
In addition, this simulation is based on the context of a U.S. company that has customers in China. Other settings 
may not observe a cost saving result. Finally, the simulation shows only the monthly cost to maintain the order 
fulfillment model. The initiation of this order fulfillment model may require a significant investment. Companies 
should thoughtfully consider this investment before implementing this model; however, once the model is set up, 
foreign warehouses can serve multiple markets. In the simulation, for example, the Taiwan warehouse can act as a 
hub and serve the nearby countries such as Thailand, Japan, Korea, Philippines, and Malaysia (figure 15).  
 
Figure 15. International consolidation order-fulfilment model future significance   
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The model may unlock companies’ potential. With the proposed model, the order fulfillment cost will 
likely be reduced, lowering the total landed cost for the customer. For example, in the simulation, if the company 
fulfills customers’ orders via international parcel and the price of the item is $50, the customer will pay $143.93 
(price + shipping). However, if the company uses the consolidation method, the customer will pay $94.83 
(consolidating via air) or $90.88 (consolidating via ocean). According to the economic theory of supply and demand, 
lower prices should stimulate demand. With the proposed model, companies will likely increase their sales. 
By applying the consolidation concept to international order fulfillment, companies can save a substantial 
amount of cost. The proposed order fulfillment model will enable more small- to medium-sized companies to 
expand their business internationally. However, when choosing to proceed with the proposed model, companies 
must evaluate their business settings and fully understand the cost of transportation in the desired area. When 
operated with care, the model will result in success.  
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